Far Ultraviolet Spectroscopic Explorer spectra of the white dwarf stars G191-B2B, GD 394, WD 2211Ϫ495, and WD 2331Ϫ475 cover the absorption features out of the ground electronic states of N i, N ii, N iii, O i, and Ar i in the far-ultraviolet, providing new insights on the origin of the partial ionization of the local interstellar medium (LISM) and, for the case of G191-B2B, the interstellar cloud that immediately surrounds the solar system. Toward these targets the interstellar abundances of Ar i, and sometimes N i, are significantly below their cosmic abundances relative to H i. In the diffuse interstellar medium, these elements are not likely to be depleted onto dust grains. Generally, we expect that Ar should be more strongly ionized than H (and also O and N, whose ionizations are coupled to that of H via charge-exchange reactions) because the cross section for the photoionization of Ar i is very high. Our finding that Ar i/H i is low may help to explain the surprisingly high ionization of He in the LISM found by other investigators. Our result favors the interpretation that the ionization of the local medium is maintained by a strong extreme-ultraviolet flux from nearby stars and hot gases, rather than an incomplete recovery from a past, more highly ionized condition.
INTRODUCTION
Our solar system is traveling through a low-density (n ∼ H cm Ϫ3 ), warm ( K), partially ionized gas cloud 0.1-0.3 T ≈ 7000 called the local interstellar cloud (LIC; Lallement et al. 1996) with a diameter of about 4 pc (Redfield & Linsky 2000) . Near the LIC are similar clouds that give rise to absorption features with different velocities (Gry 1996; Lallement 1996) , known collectively as the local interstellar medium (LISM). From the available evidence, the physical conditions in the LISM clouds are only sightly different from those of the LIC (Linsky 1996; Ferlet 1999) .
Presently, we do not have a clear understanding of the physical processes that are responsible for high fractional ionization of helium in the LISM. From observations that (Dupuis et al. 1995) , along with the An(He i)/n(H i)S = 0.07 knowledge that in all forms, it is evident that He/H = 0.10 He is usually slightly more ionized than H. Also, helium shows less variability in how strongly it is ionized from one region to the next (Wolff, Koester, & Lallement 1999) . While the extreme-ultraviolet radiation from white dwarfs and other stars can explain the observed fractional ionization of H (Vallerga 1998) , these sources do not produce enough photons with energies above 24.6 eV to explain the ionization of He. To resolve this problem, two main proposals have been offered. One is that the LISM is not in a steady state condition; it is returning from a much more highly ionized state produced by an energetic event in the recent past ( yr), such as the flash from a nearby supernova 6 t Շ 10 (Reynolds 1986; Frisch & Slavin 1996) or its shock wave (Lyu & Bruhweiler 1996) . The other possibility is that the ionization of He is maintained in a steady state by the diffuse extreme-ultraviolet radiation arising from conductive interfaces between the cloud edges and the surrounding, hot medium at K (Slavin 1989; Slavin & Frisch 1998), or, 6 T ∼ 10 alternatively, by recombination radiation from highly ionized but cooled gases that might surround us (Breitschwerdt & Schmutzler 1994) . Sofia & Jenkins (1998) have proposed that the apparent abundances of the neutral forms of N, O, and Ar-elements that are generally very lightly depleted in the interstellar medium (if at all)-can help to unravel the mystery of the He ionization. Ultraviolet absorption lines in the spectra of white dwarf stars present good opportunities for studying these abundances in the LISM, since most of the brighter objects are well removed from major gas clouds elsewhere and remain immersed within a "Local Bubble" (diameter ∼200 pc) of very hot, low-density material surrounding the nearby cloud complex (Cox & Reynolds 1987; Sfeir et al. 1999) . We report here on initial spectra of four white dwarf stars taken with the Far Ultraviolet Spectroscopic Explorer (FUSE; Moos et al. 2000; Sahnow et al. 2000) at a resolution of 20-25 km s Ϫ1 ( § § 2-3), and we interpret the findings in the light of the Sofia & Jenkins proposal to obtain a better understanding on how the LISM is ionized ( § 4). Table 3 . b Estimate for the contribution to the hydrogen column that arises from the local interstellar cloud surrounding our solar system, according to Redfield & Linsky (2000) . Fig. 1. -Far-ultraviolet spectra of WD 2211Ϫ495 recorded by FUSE. Important features for our study are identified according to the numbers listed in the last column of Our spectra cover the important absorption features from N, O, and Ar in their neutral forms. In addition, for some stars we recorded two ionized forms of nitrogen, N ii and N iii. While the N iii feature conceivably might arise from photospheric absorption, we see no evidence of stronger absorption from N iii in an excited fine-structure level-in the absence of saturation, this feature would be twice as strong as the one we observed if all of the N iii absorption came from the star's photosphere. Two spectral segments for one of the stars, WD 2211Ϫ495, are shown in Figure 1 .
RESULTS
The first and second columns in Table 2 show the species and the wavelengths of their transitions that we measured within the broad spectral coverages for WD 2211Ϫ495 and WD 2331Ϫ475, with the lines ranked according to their strengths expressed in terms of (col.
[3]) in each group. log ( f l) The fourth and fifth columns show the equivalent widths (in mÅ ) and their errors arising from noise and uncertainties in the continuum and background levels. Our noise estimate was derived from the sizes of flux deviations from the adopted continuum level and thus included the effect of counting statistical fluctuations and small variations in the response of the detector (flat-field corrections were not made). Results for the more limited set of lines that we could measure for G191-B2B and GD 394 are given in the notes to the table.
White dwarf stars can have narrow, photospheric features that could interfere with or masquerade as interstellar lines. This problem is probably more severe for the stars GD 394 and WD 2211Ϫ495, which are known to be metal rich (Wolff et al. 1998) . For example, the 952.3 Å feature of N i in WD 2211Ϫ495 is probably enhanced by a stellar feature, since the observed equivalent width is far higher than those of other transitions of comparable strength. . This behavior probably arises b = 10 from strong contrasts in physical environments for two or more velocity subcomponents, leading to different ratios of O i to N i in each case. For cases in which the lines could not be seen or were marginally detected, we list upper limits for the column densities computed for the measurements plus their 2 j errors, assuming that the lines have no saturation. For such cases, a large wavelength interval (∼0.3 Å ) had to be considered (thus increasing the errors) because our wavelength scale was not very accurate. d In principle, our upper limits for the column densities of N ii in the excited fine-structure levels, N ii* and N ii**, may be compared to lower limits for the amount of unexcited N ii to arrive at a limit for the representative electron density (McKenna et al. 1996) . Toward WD 2211Ϫ495 and WD 2331Ϫ475 we conclude that if K, and 2.0 cm Ϫ3 , respectively, but these values are higher than our T = 7000 n(e) ! 0.8 actual expectations for the LISM based on C ii*/C ii and Mg i/Mg ii seen elsewhere (Lallement & Ferlet 1997; Wood & Linsky 1997; Jenkins, Gry, & Dupin 2000) . e G191-B2B: 51.0 ‫ע‬ 4.1 mÅ ; GD 394: 15.5 ‫ע‬ 10.9 mÅ . This line could have interference from an absorption by Si ii l989.873, but it is not likely to be strong. f G191-B2B: Ϫ2.4 ‫ע‬ 4.0 mÅ ; GD 394: 15.4 ‫ע‬ 10.0 mÅ . g G191-B2B: 1.3 ‫ע‬ 2.7 mÅ ; not measured for GD 394. This line consistently gave lower than expected absorption, based on the outcomes from other lines and the relative f-values. Hence, the published f-value for this line may be too large. For this reason, we disregarded indications from this line.
h G191-B2B: 35.5 ‫ע‬ 1.8 mÅ ; GD 394: 51.9 ‫ע‬ 3.4 mÅ . i G191-B2B: 88.4 ‫ע‬ 3.9 mÅ ; GD 394: 139.4 ‫ע‬ 11.0 mÅ . j The line of Ar i at 1066.66 Å was not measured because of possible confusion with photospheric features of Si iv at 1066.61, 1066.64, and 1066.65 Å .
k G191-B2B: 4.1 ‫ע‬ 1.5 mÅ ; GD 394: 12.0 ‫ע‬ 2.9 mÅ .
Our ultimate objective was to judge the column densities in the light of a simple expectation based on some meaningful cosmic abundance scale. The entries within parentheses in Table 3 show how strongly deficient the neutral forms of these elements are with respect to their expected abundances relative to hydrogen, using the abundances in B stars as a standard.
INTERPRETATION
The deficiency of Ar i for all four stars is of order Ϫ0.4 dex. We adopt the argument presented by Sofia & Jenkins (1998) 4 # 10 T = 7000 and H ionization fractions is very strong, unless there is appreciable ionization of O to higher stages. N ii has a chargeexchange rate that is only about twice the recombination coefficient (Butler & Dalgarno 1979) , so in regions in which , N can start to behave more like Ar and show a den k n e H ficiency of its neutral form. To illustrate the expected deviations for O i/H i, N i/H i, and Ar i/H i away from the condition in which all three elements are fully neutral, Figure 2 shows the results of our calculations of photoionization equilibria for various depths of shielding by neutral H and He within a cloud. The detailed equations and how they are solved are described by Sofia & Jenkins (1998) . At any point within the cloud, the radiation field caused by hot stars was assumed to be stronger or weaker than Vallerga's (Cunha & Lambert 1994) , (Cunha & Lambert 1992) , and Keenan et al. 1990 ) N = 7.80 O = 8.67 Ar = 6.50 on a scale where . H = 12.00 b Vidal-Madjar et al. 1998 . c Barstow et al. 1996. d Wolff et al. 1998 ; no errors stated. e From an observation of the N i multiplet at 1200 Å pwd with GHRS on the Hubble Space Telescope, reported by Barstow et al. (1996) . While an arbitrarily large value of b gives a best fit to the lines, we expect that km s Ϫ1 is more reasonable (and still gives an acceptable b ≈ 10 fit).
f Based on our observations of the O i lines, but using (see note e above). 
He i the photoionization cross sections. We supplemented this field with Slavin's (1989) calculated flux from a cloud's conductive interface with much hotter gases.
11
Turning back to the observations, the results shown in Table 3 indicate that N and O are deficient, but for G191-B2B and WD 2331Ϫ475 not as strongly as Ar. A mild deficiency in N can be understood if the hydrogen is mostly ionized, as is expected near the boundary of a cloud (see Fig. 2 ). The importance of ionization in reducing N i is reinforced by our 11 We attenuated the strong emission peak near 70 Å caused by Fe ix, Fe x, and Fe xi, recognizing that McCammon et al. (2000) failed to observe these lines at a flux level far below the predicted one. This probably happens because Fe is depleted onto dust grains.
lower limits (assuming no saturations of the profiles) for [ unavailable, 13.68], [13.86, log N(N ii) 13.78], and [13.68, 13 .82] toward G191-B2B, WD 2211Ϫ495, and WD 2331Ϫ475, respectively. Here, we can state that at least 38%, 56%, and 22% of all the nitrogen is in an ionized form toward the respective stars. The underabundances of O are harder to explain, although they are reduced in magnitude by 0.17 dex if one adopts as a standard the O/H found in the ISM by Meyer, Jura, & Cardelli (1998; 8 .50 on a logarithmic scale with ) rather than the value of O/H in B stars. H = 12.00 Also, in view of the possibly large uncertainties in N(H i) (except for G191-B2B), it may be better to adopt O as the reference element instead of H when we investigate the behavior of N i and Ar i.
For GD 394 and WD 2211Ϫ495, it is difficult to understand why the deficiencies of N i are not much weaker than the corresponding ones of Ar i. One possible explanation could be that a conduction front is not the dominant source of highenergy radiation, but instead the ionization of N and Ar might be strongly influenced by 40-80 eV photons arising from recombinations to He ii. This radiation could conceivably dominate over other extreme-ultraviolet diffuse fluxes (D. Breitschwerdt 2000, private communication) if much of the material in the Local Bubble has cooled to K but has not yet 5 T Շ 10 recombined (Breitschwerdt & Schmutzler 1994) . Over much of this energy range, N i is more easily ionized than Ar i if recombinations with free electrons are more important than charge exchange with H i (see Fig. 3 of Sofia & Jenkins 1998 ). It will be interesting to see if detailed calculations confirm this conjecture.
A flux of ionizing photons with eV and sufficient E 1 24.6 intensity to create the steady state ionization of He in the LISM has not yet been observed directly, but our observations showing a significant reduction in Ar i favor its existence. If, by contrast, we had found a normal amount of Ar i, we might have concluded that the gas was probably more highly ionized in the past and has not yet fully recombined. Here, a near equality of Ar i/H i to the expected cosmic ratio would have arisen from their virtually identical recombination coefficients. Ionizations to levels higher than the singly ionized forms are not important in this picture, since their recombination rates are significantly faster (∝ ). 
